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Quantitating Physical Activity in COPD
Using a Triaxial Accelerometer*®

Bonnie G. Steele, PRD, BN; Lyn Holt, M5; Basin Belza, PhD, RN:
Scott Ferris, MS; 8. Lakshminaryan, MD; and Dovid M. Buchner, MD, MPH

Study objective: To determine the relinhility, validity, and stability of a trizdal accelerometer for
walking and daily activity measurement in a COPD sample.

Design: Cross-sectional, correlational, descriptive design. _
Setting: Outpatient pulmonary rehabilitution program in a university-affiliated Veterans Affairs |
medical center.

Farticipants: Forty-seven outpaticnts (44 men and 3 women) with stable COPD (FEV , 37%
predicted; SI, 16%) prior to entry into a pulmonary rehabilitation program.

Measurements and results: Test-retest reliability of a trindial movement sensor (Tritrac RID

| Research Ergometer; Professional Products; Madison, WI) was evaluated in 35 of the 47 subjects

during three standardized G-min walks (intraclass correlation coefficient [fICC]  0.84). Pearson
correlations evaluated accelcrometer concurrent validity as a measure of walking (in vector
magnitude units), compared to walking distance in all 47 subjects during three sequential G-min
walks (0.84, 0,85, and 0.95, respectively; p = 0.001). The validity of the accelerometer as a
measwre of dm'l:-' El’.‘liﬁ'l}' over 3 full d.n.}fs nk home was evaluated in all SIJI_'le-CI‘j Lﬁizlg Pearson
correlations with other indicators of functional capacity, The acceleromeler correlated with
exercise capacity (maximal G-min walk, v 0.74; p < 0.001); level of obstructive disease (FEV,
percent predicted, v 0,625 p < 0.001); dyspnea (Functional Status and Dyspnea Questionnaire,
dyspnea over the past 30 days, r L2%; p < 0L05); and activity self-efficacy {Activity Self-
Efficacy Questionnaire, v 0.43; p < 0,01); but not with self-report of daily activity (Modified
Activity Recall Questionnaive, » 0,14; not significant). Stability of the accelerometer bo measure
3 full days of activity at home was determined by an rfICC of 0,68,

Conelusions: This study provides preliminary data suggesting that a triscdal movement sensor is
areliable, valid, and stable measure of walking and daily physical activity in COPID patients. Tt has
the potential to provide more precise measurement of everyday physical functioning in this
population than self- rt measures currently in use, and measures an important dimension of
functional status not previeusly well-described. (CHEST 2000; 117:1359-1367)
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Abbreviations: ASE(} = Activity Self-Eficacy (Puestionnaire: FSD(Q = Functiona] Status and Dyspnea Questionnsire;
MARD = Maodified Activity Recall Questionnaite; BMDW = fmin wall fesd; M5 = multiple sclerosis; NS = nod
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significant; riCC = imtracless correlztion coofficlent; VMU = vector iagnituds units

Ph:rﬁlmi inactivity is a major risk factor for a
multitude of illnesses, and is also 2 mediator in
the familiar dyspnes-inactivity-deconditioning spiral,
wherain d}'spne,a. fatigue, and other symptoms pre-
dizce functional impairment and disability in pulmo-
nary disease, Precise quantitation of physical activity
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is especially important in measuring the outcomes of
interventions in frail, sedentary populations, such as
COFD and the elderly, because small improvements
in physical functioning such as walking and balancs
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may tramslate into signi thy improved higher-
order function and life quality. Nonetheless, al-
EI]LHJE]I du.il}r, "free-living” physical activity is of in-
terest to investigators and clinicians alike, metheds to
precisely quantitate this vital dimension of function
have only been recently available.

Metheds in current use for measuring daily activ-
ity include direct observation, self-report question-
naires and diaries, radinisotope techniques (doubly-
labeled water measurement of energy expenditure),
and heart rate monitoring, a correlate of physical
activity, These methods suffer from several prob-
lems, Direct observation is both time-consuming and
intrusive, and self-report questionnaires and diaries
that rely on memory are imprecise, especially in the
elderly, and are time-intensive for aulﬁ;l::u. Radio-
isotope methodology is both costly and technologi-
cally complex, and heart rate monitoring is both
expensive and imprecise in patients with COFPD
whose heart rates may vary due to medication use
and other causes unrelated to physical activity. In
addition, neither radicisctope and heart rate moni-
toring technologies are capable of providing infor-
mation on specific patterning of activity. A new
generation of inexpensive digital pedometers are
now avadlable that measure walking fairy well in
active groups, but suffer from the inzhility to accu-
rately measure body movement during slow walk-
ing.! Aceelorometer movement sensors that use a
piezoclectric bender element transdueer are a prac-
tical alternative to other methods, providing a high
degree of precision across a wide mange of activity
lewels at rE'.:-'II‘.i.‘I-"I:]_:r' lerar cost. Single-ads accelerome-
ters, such as the Caltrac {HemoKinetics: Madison,
WIL), measure movement in one plane and have been
widely used to study physical activity and ene
consumption in healthy young people and the elder-
ly2% and in patients with COPD.® In addition to
having only one plane of measurement, a major
disadvantage of the Caltrac accelerometer is inade-
quate data storage and retrieval technology, which
requires study subjects to read and record output
from the device when measurement is carried out
over days.

Maore rE:ﬂl’::ﬂti)-‘. 8 new generation of multiaxis
aceelerometers have been developed that have im-
proved sensitivity and are more suitable for research
purposes.®’ These devices have been compared to
doubly labeled water to study energy expenditure in
normal, active people® and to study activity in
relatively sedentary clinical populations, including
nursing home residents,? outpatients with multipls
sclerosis (ME),19 and obese children. 12 Using the
Tritrac accelerometer (Tritrac R3D Research Er-
gometer: Professional Products; Madison, WI),
Eochersberger ot al¥ were able to differentiate sed-
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entary, moderately active, and active nursing home
residents (p = 0.0001) and between specific activi-
ties of varying intensity (p = 0.0001). These investi-
gators also found the device stzble over 7 days
(intraclass correlation coefficlent [fICC] = 0.81),
but found that 20% of subjects were not compliant in
wearing the devices, Ng and Kent-Braun!® compared
daily activity measured by the same device and by
self-report measured by the T-day Activity Recall
Questionnaire® in a group of outpatients with M5,
and sedentary and active control subjects. They
found that the accelerometer was capable of differ-
entiating daily activity between the three groups
(p < 0.001), whereas the T-day Activity Recall Ques-
tionnaire was not. They also found that the device
could differentiate sedentary from active groups, Itis
probable that neither of the groups studied by these
investigators was more functionally limited than per-
sons with severe COPD; thus, the ahility of a triaxial
accelerometer to measure activity in such a highly
sedentary group remains in question. In a series of
stedies of Tritrae accelerometer measurement of
activity in obese children, Epstein et al'' and
Coleman et al'? like Ng and Kent-Braun,'® found
the device poorly correlated with self-report of ae-
tivity. These investigators also found that the teo
measures of activity did not share the same predic-
tors, suggesting that different activity dimensions
wire being measured. They were also able to differ.
entizte the relative contributions of the three mowve-
ment vectors to general activity in this group, but did
not make inferences relative to walking specifically.

Accelerometer measurement of walking would
assist greatly in clarifylng the role of walking behav-
for as a marker amnd perhaps determinant of physical
functioning in the elderly and persons with chronic
illness. Walking is the activity targeted for improve-
ment in most pulmonary rehabilitation programs and
other health-maintenance regimens aimed at im-
proving physical functicning, prelenging life, and
preventing illness associated with sedentary biv-
ing.'%!4 The purpose of this preliminary investigation
was to ﬂﬂu:ﬁ&?ﬁ]ﬂbﬂit}n thd:t}r ::E stability of a
triaxial accelerometer in the measurement of activity
during the 6-min walk test (EMDW), and also during
daily activity measurement at home in a sedentary
COPD population.

MATERIALS AND METHODS

Twa separabe measurement conditions were used to estmate
validity, reliability, and stability of the sccelerometer in a sample
of cutpatients with stable, moderte to severe COPD, The fest
examined relabiliny and 'I-“BI'[H}' of the nstrament o measurs
wilking behavior during repeated GMIDWs; the secand investi-
Edh:l'] validity of the sooelorometsr to m:mure-da.i]}- acthdty over
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a F-day period of continuaws free-dving &t home, &nd stability of
the measurement during this percd.

Sultfects

A convesience sample of 47 outpatients with stable COFRD
{chronio bronchitis, emphysema, or both) and dysprees were
recraited by the study coordinator from patients referred bo an
Sweek pulmanary rehabilifation program that included exerciss
and exducational cemponcats, Stable COPD was defined as no
persistent change in FEV; in lters = 10% during the past year.
Patients with a COPD esacerbabion in the past 2 weeks, ar wha
had severe, unstable cardiovascular dissase or a mpidly declining
climical course were ecchided. dber exclusion erifosds wem
recent history (6 months) of substance abuse, and nearemascialar
or mental problems precluding full participation in the pulmo.
nary rebabilitstion program. Neme of the particlpants were
enghging in = 3 min af exercles for > 3 déwk prior o program
entry. The study was approved by the Human Subjects Commit-
tee of the University of Washington, armd informed conzent was
obtained from all study participants. Sample characterstics are
icluded in Table 1.

Mg res

Fhyrical Acticity-Accelerometer: Tho Tritrae R3D accelsrom-
eter was used in this stady to measure physical acthity. The
secelerometer i worn at the waist, close to the body in a padded
ponech; the devicss ware warn on 'the side of the nmﬂumlmn!
armn b prevent ursdve contect with the device. The devics is
about the size of a small cellular phone, and dats sampling rebes
on a 9V cperating battery and a 3V lithium backup battery,
which allcws data eollection for up 1o 60 days. The device samples
movement & a rate of 10 Hz and analog-to-digital-converted
data is reconded every second and summed to produce L-min
epochs of activity. Mavement s measured in tiree dimensions by
three accelerometers oriented a mght angles to one another,
each having a frequency response of 0.1 to 16 He The frequency
response i3 sef b0 caplune the mnge of homan movement, hat b
filter ual papid vibrations swch as those asscolated with vehicular
transportation; having subjects wear the devics when in & vehicle
further blunts vibratory signals, Accelerometer oulput (acceler-
tom) is measured in the three dimensions (X [anteropasterior], ¥

Table 1—Sample Characteriatica (n 47)"

Variahles [l Minisnum-Maximusm

Age, ¥T BEAR(T.7) 48-5}
Cender, Ma.

Male a4

Feanals B
By et il 0.4 (7.2) 185
}‘ubn'ujnlar_:.' function

FEV;, L 1,240 [01545) 043-2.64

FEV,, pemcent predicted A7 (16) 12-83
Maamal Gomile walk, et 1,152 (410 2h4=2 135
MARG & d, kiccalories 7006 [2008) 4 4800-12 5858
ASED 845 (2 -4
Educaticn, yr 125 (2.5) 517
Employed, NoJtotal subjects £4T
Cuarrent smokers, MoSfoeal L

stlrjiscts
Chygen use, NMosfiotal sahjects 15547

*[rata aig precentid as mean (£ S0V unless otheraise Indicated,

[vertical], and Z [medl.nlltcrl]] vectors), and then :In'h:-grnh::li to
represent movement as velocity over time nsing the square oot
of the sum of squares of each indhidual vector. The Integrated
signal for mevement over ime s represented by vector magnd-
bl wnits (VAU

Is
VMU= fiT+y Tt

In addition, activity calories (fram movement) snd totsl calories
(rethity calaries plus basal calories) may also be compated by the
device using 8 modification of the Harris-Benedict equation for
calculating besal metabolissn from preprogrammed subject data,
inclading gender, heighe, -.-rmgint arel age. Only movement data
(VMU was used in this

Diata was stored and ri:h'lc'-ﬂ:d using a DROS-compatible sofi-
ware program supplied by the manufacturer, VMU as well as data
from X, ¥, and Z vectors were individ summed aver Ehe
durstian uf.ulil.-‘l.l:.rn.n.d!hl::n stared in & beat file (M icmsoll Ward;
Micrascdt; Redmond, CAJ, &nd as graphical cutput that could be
capleded e evaluate epochs of = 5 min, An anabyis of vector
activity for the walk datn was also carried cut. An addidonal Excel
program [Microsaft) oo ted znd stored data for esch day of
measurement. Summary from these fles wore enfered Tor
statistical s info Statistécal - v Social Soienoos
(Verzsion O; §PRS, El'ﬂ-l:n.-_gq-. 1L,

For 35 of the 47 subjects, soosleromeber measarement was
carried out during all §MDW: | week prior to entry into a
pulmenary rohabilitation program. In addition, all subj wore
th acoalerameter for a 4-day pericd from Thusday aftemoon ta
Monday aftemoon, 1 week prior to entering the program, They
were instrocted to wear the accelerometer during all waking
hours, 10 camy out their usual activities, and not to remove the
divice except for bathing and sleep. The subjects recorded
wearing duration and comments on me“L‘}r and related
problems in a daily activity -.‘l.l.i.l':r that waz checked agalnst the
accelerometer output when the subjects returned the devices. In
order to provide & stable comparizon with the time-sensitive
activity recall questionnaire, onby 3 full days of sccelerometer
dats were used in the analysis (Friday, Eﬂurlf.:}- and Sunday],

EMOW: This iz a test of functional exercise capredly measurnd
by the distance walked in Feet during the longest of three f-min
walks using & standerdized Tormat that we have reparted previ-
ously® for instruction, broschodilator premedication, manitar-
ing. entaurkgement, |:|:|.".|'|':n|1=n1 u:t:,-'gr.ml:l-rm and '[mL-al;: maomiinring,
and supplemental oxypen management and rationale for number
of test mepetitions, Walking tesls have recently gained promi.
nence a5 8 measure of “functional exercise capacity,” de, the
ability to undertake physically tadng activities encountered in
everyday life that are not reflocted by traditional, masimal
exercise testing In those with funclipns] limitstion from pulino-
nary disease. The BMDW i now widely wed in a variety of
settings, Incleding pulmonary rebabditation, ™ determination of
cligthility for heart andfor lung !mmp]a.n.lal:il:n. lang valume
reduction surgery, '8 and in p martality in left ventric-
ular dysfiumetion.’® Persens for whaom I'UFF-]-EmEDI‘.IJ DEVERD WRS
prescribed for exerton wsed oovgen during the walking tests in
the same manmer and flow rates &s peescribed at bome. No
attempt was made to conteol nscoling use prior b the test.

Level af Obstructice Pulmorary Dieecss [FEV, Percont Pre-
dicted); Thiz & a #andardized measure of diflew chatruction,
described as the percent of the predicted value of FEV .2 The
test was caried oul prior b the G-min walk using a spirometer
tmcede] GL0G; Welch Allm; Skaneateles Falls, WY} in accordances
wilh American Thoracio EI:l:izl.}- E;;l.1.i|:1-:|.i.11e:,m ard used ]:-:rmﬁﬂed
sialues developed by Mors et al®! thet were available i the
spirometer saftware.

Dyspnea Levsd Todoy and Dhering the Post 30 Dhays: These are
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dyspnes scabes of the Functional Status and Dhyspnea Question-
nalre [FADI0)E ncloding an estimate of how many Hmes &
manth that severe to very-severe shortness of breath is exper.
enced, and & 10-point scale of shartness-of-breath severity todsy,

Activity Self-Efficacy (uestionnaire: The Activity Seli-EMicacy
[uesticnnadre (ASEQ™ s a self-administered ascessment of
perortved ahility bo walk distances in a sE-a:iE-ed ]'H:ﬁnd af Hme,
with e individual selecting the longest distance he or she could
walk in a piven Hme.

Modified Activity Recall Questionnaine: The Modified Activity
Recall Cruestionnalne [(MARQP242% 5 an interviswer-adminis.
tered questinnnalse thitl assesses energy expenditure in kilosala-
ries Trom all ]}h;.'iillﬂ] activity undertaken over the d.-dﬂ._:.r pu::rl.mlf af
aceelerameter messurement. Subjects were first asked to identify
the nature and duration of all physical activities undertaken over
thi sieasarement period. Energy expenditure [kilocalories) was
computed for each activity fram standardized tables™ i the
mznner deseribed by Blair of £12% The klocalories expended for
each activity wese summied for each day of measurement to

abtain g deily sell-report of energy expenditure, Becagse sl
abtained and returmed the rﬁmntn:n; ta research sqafrﬁurj
completed the MARQ at slightly differont times on measurement
days 1 and 5, only 2 summary of the activity recall from the 3 full
days of messurement (Friday, Saturday, and Sunday) was used in
the analysis to improve comparability of the activity messures,

& I'F.T-rg'ﬂl'

Descriptive statistics wore carried oul for all variables, Validiy
testing and vector analysis used mer-order Pearsan correlatian
coeflicients (], Ruha.hd:l} evahiation was determined with
rlCCs2 Data storage, retrieval, and anabysis wes carried out with
the aid of Statistical Package for Soclal Sclences Version 9 (SF55)
5’-'}“.““.

RESULTS

Twelve accelerometers were used, and each sub.
ject was assigned the same device for EVery Imeasure-
ment event. One unit mallunetioned due to failure -::.f
one of the thres intemal accelerometers durin
measurerment pericd at home, and the subject was
retested with another device.

Deseriptive Findings

Forty-seven subjects were studied. The subjects
wore the deviees a mean of 13.1 hid (SD, 12.5: range,
1 to 19.5 hid). Six subjects wore the devices = 10 h:
bwo subjeets forgot to put them on on 1 day; the four
other subjects stated that they were inactive due to
dysprea and therefore chose not to wear the deviees:
these data were retained in the analysis, The mean
vector magnitude on Friday, Saturday, and Sunday was
46 (SD 95), 42 (SD 25), and 39 (§D 27) VMUfmin,
respectively (range, 3.5 to 129 VMUfmin).

Validity

Content validity, the ahility of the accelerometer
to represent walking in these relatively incapacitated
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subjects, was determined during three sequential
G-min walks. A subgroup of 35 subjects took part in
this portion of the study. Two subjects were unable
to carry out the third walk due to fatigue. Pearson
correlation coefficients between distance walked (in
feet) and accelerometer VMU for walks 1, 2, and 3
werz .84, 0,85, and 0.95, respectively {all p < 0.001).
Figure 1 is a graphical representation of the highly
linear association between VMU and walking distance
during three walks.

Figure 2 reflects the accelerometer VMU output
iy axes) of three 6-min walks undertaken over a
period of 72 min for cne subject using a sampling
epoch of 1 min'data point. Periods of rest are
apparent between each walk. This subject did not
stop during the walk tests, and minimal activity after
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Flcuge 1. Walkdng activity (VMU)] associations with walking
distance {in feet) in three consecutive G-min walks, Pearson
cnrrelatbong and significance kavels are indicated for each walk.
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persd of T mis (% axds), wi
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t (WMU) far three soceesstve S-redn walks |:3.- axia) conduched ower a
rest perods between esch walk, X-activity, Y-activity, and Z-activity

represent mevement in anteriar-posterior, vertical, and laters] plases, respectively. Vector magnitude

dipicts the integration of all planss.

walks 1 and 2 represents a brief walk to a place
where subjects were allowed to rest at the conclusion
of the walk. This Figure reflects the potential utility
of the device to document qualitative properties of
walking, including pacing effects such as speed,
reflected by changes in the y axis (VMU), as well as
the placement and the duration of rest periods.
Concurrent validity was tested in all 47 subjects by
determining the association between accelerometer
total activity (VMU) over 5 days of free living at
home with maxdmal BMDW, level of obstructive
pulmonary disease (FEV, percent predicted), dys-
prea (FSDM), dyspnea today and during the past 30
-:']:21_',-'.'5:]r activity scll:-nfﬁcﬂ}- (A F.'Q:l, nng activity ne-
call (MARQ). The data indicated sood compliance
with wearing the device during '-'rzﬁ-:ing hours, with
the exception of two subjects who wore their devices
< 10 h because they forgot to put them on.
Significant correlations were evident between ac-
celerometer activity at home, level of obstructive
pulmonary disease (r = 0.62; p < 0.001), exarcise
capacity {r = 0.74: p < 0,001}, dyspnea over the
past 30 days (r=—020; p <005, and self-
efficacy for activity {r = 0.43; p == 0.01}. Dyspnea
today (r = —0.27; p = not significant [N5]) and
activity recall (r = 0,14; NS) were not correlated
with accelerometer measurement of activity, Figure
3 mepresents the association between accelerometer

activity at home and exercize capacity measured !::,-
maximal G-min walk,

Table 2 includes a summary of the correlations
between accelerometer activity and other indicators
of functional statns.

Reliability and Stability

Test-retest reliability of the accelerometer using
flCCs was evaluated in 35 patients during three
sequential GMDWs. The rICC for VMU durin
walking tests was 0.84, and reflected the expectec
improvement with each successive walk due to leamn-

000 ~
0000} <
yppn S0 S . f
4 Dy 0 T " :
M . _rw-”'g r=CLad
e TR
MN000 + g = gl f petl O
(17 T + E
o
|:|.--"'.-F£ i
[ 0y 1 (E 000 70

Larpesd FHa-541 nute Walk (L]

Ficune 3, Lineis associstion between accelerometer activity ot hom

(VLT for 4 full danys at homes, zmd iz capacity represenbed bey the
kmgest Gemim walk (in fect). The Poasson i was = 074
p = 000,
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Tuble 2—Fearson Correlations (r) Beliceen
Acceleromeler Acticity Over 1§ Full Days, end Other
Measures of Functional Status

Acoelerometer Activibty F;H{m

Variahlas Pesirson Carrelations ()
Exercise capacity (loepe 63 LW 0741
I feet)
Level af abatriaetiee i LR §

(FEV; percent prodicted)
f}:—.ﬂi'ml;n (FS0H;

Today — 027
Onwr past 30 d = . 2p*
MARG 5 full d (kileealaries) 0.14
ASED .43t
*p = 005,
tp = 0401,
[p = U1,

ing. Distance walked for the three walks was also
strongly correlated  (fICC = 093), and demon-
strated longer walking distances with each successive
walk consistent with the learning effect inherent to
this test [Tahle 3).

Stability of accelerometer measurement of free-
living physical activity was also evaluated over 3 full
days at home {fICC = 0.69), Days 2, 3, and 4 of
at-home measurement (Friday, Saturday, and Sun-
day) were used because on the first and fifth days,
the subjects wore the accelerometers for different
periods of time.

Vector Aﬂﬂ!gm

Pearson correlations between VMU and move-
ment activity (in feet) generated during the third
BMIW (n = 33) by each of the three vectors are
shown in Table 4. All the vectors were significantly
intercorrelated, and correlations with the integrated
measure (VM U} ranged from r = 0.91 (Z vector) to
r= 0.9 (Y vector],

[scussion

This study evaluated reliability, validity, and sta-
bility of a triaxal accelerometer for measuring hu-
man movement in very sedentary COPD outpatients
under two measurement conditions: the 6-min walk
and during daily activity at home. The participants,
most of whom had severe to very-severe obstructive
disease,* were similar to others studied at entry to
pulmonary rehabilitation in terms of age, lovel of
obstructive disease, symptom experience, and exer-
cise capacity.131% We determined that the acceler-
ometer effectively measured bodily movernent during a
standardized walk test in this sedentary population and
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quantitated dally activity at home precisely. Subjects
reported that the devices were not uncomfortable to
wear and were not unduly intrusive,

WVector :'r'lsgnitudu, a "raw” index of physical move-
ment, was chosen ¢ priori as the accelerometer
output measure of choice instead of energy expen-
diture indexes of total or activity calories. The reason
for this choice was the probability that an energy
expenditure prediction formula would underesti-
mate energy consumption In persons with COPD
wha have higher oxygen utilization due to ventilatory
dysfunction, More recently, Fehling and associates®
found that the proprietary Tritrac formula underes-
timated energy expenditure compared to indirect
calorimetry during treadmill walking and stepping
exercize in older adults, and cautioned against using
the device to measure energy expenditure in this
group. The use of vector magnitude as the measure
of activity instead of activity calories and total calo-
ries has also been recommended for neurologically
and other physically impaired persons who have
inefficient energy utilization during walking and
routine daily activities.!? Oxygen “inefficiency”™ in
COFD is also consistent with the lack of a significant
association between accelerometer-measured physi-
cal activity in vector magnitude and the MARQ,
which is based on energy consumption in metabaolie
equivalents over 3 days of measurement.

The highly linear association between accelerom-
eter activity (VMU)} and distance walked during
thres walk tests suggests that the accelerometer is a
valid measure of physical movement during walking
in this functionally-limited group. This finding is
fundamental to confirming its relevance as a mea-
sure of human movement, hecause walking is a
ubiquitous activity and is an important process and
outcome measure for pulmenary rehabilitation and a
varlety of other interventions. “The reliability of the
measure during the three walking tests was also high
{(rICC = (.84), with some variability in the measure
probably due to the systematic improvement in
walking distance with successive walks due to learn-
ing. In Figure 1, scatter around the regression lines
is elearly minimal and not related to maximal dis-
tance walked. This finding was most notable in the
third walk, which is usually the longest walk achieved
when using a 3-walk protocol.'® Data analysis of
vector magnitude during the G-min walks revealed
previously unanticipated gualitative dimensions of
this measure. Accelerometer output during a typical
B-min walk (Fig 2) provides a graphic portrayal of
strategies used to “cover more ground,” including
increasing walking speed, taking no rests, and inter-
val pacing, which has the potential for use as an
adjunct to counseling patients in u.q'ln[*:llng TarE
efficient, energy-conserving walking techniques,
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Table 3—Reliability of Acceleromeler Measurement During Three 6-min Walks (n  35)*

Variallex Walk 1
[istance walked, feet LO1T (3530
VMU 5177 (2317

"Ihala ine pﬂmmv.ad as mean (S

Concurrent validity of the aceelerometer for mea-
suring daily activity during free living at home was
also suggested by the good corvelations of vector
magnitude with selected measures of functional sta-
tus. Perhaps most notable in these findingz are the
fairly robust correlations between accelerometer ac-
tivity and exercise capacity (6MDW) (r = 0.74;
p << 0.001) and FEV, percent predicted (r = 0.62;
p <= 0.001). The close association between acceler-
ometer activity at home and G-min walk supports the
observation that the G-min walk closely parallels the
level of activity that patients are most likely to
perform regularly in their daily lives, and may be
superior to conventicnal maximal exercise testing in
this regard.!® In COPD, this measure may also be
more reflective of their level of ohstructive dizease
than maximum exercise capacity measured on the
same day; this observation is supported here by a
lower corvelation between FEV, and 6-min walk
than FEV, and accelerometer activity at home
{r = 041; p < 0.01 compared to r = 0,62}, Preusser
and Winningham® uged a Caltrue accelerometer to
measure 4 days of activity at home in a group of 17
COPD patients and found significant correlations with
inspirstory muscle strength (+ = 0.66; p = 0.004) and
inspirstory muscle endurance (r =071 p = 0.001);
like the present stwdy with its high comelations be-
tween FEV, and daily activity (r = 0.62; p < 0.001),
both measures of movement appeared to be strongly
assoefated with pulmonary function. Unlike the
present study, Preusser and Winningham?® found
only modest comelations hetween daily activity and
exercise capacity using a 12-min walk (r = 0.50;
p = 0.04}. These findings might be explained by the
relatively small number of subjects in their study
(n = 153), and also because the Caltrae aceelerometer
may have been less sensitive to movement in this

sedlentary group.

Walk 2 Walk 3 rlCC
1074 [376) 1,155 (400) 0,83
- E.EEID {(2,5T8) G006 (2553) i |

The report of dyspnea, both today and over the
past 30 days, was only modestly correlated with daily
activity and was negatively associated with activity
levels, with lower levels of activity associated with
higher levels of perceived dyspnea. Dyspnea (s
known to be highly variable in this population, and
the time frame for dyspnea measurement differed
from the 4 days of sceelerometer activity, possibly
accounting for these weak associations. Nonetheless,
these findings relative to accelerometer activity tend
to support the contribution of dyspnea to physical
incapacity in this group of stable COPD patients.

The moderte correlation between accelerometer
measurement of activity and walking self-efficacy
{r = 0.43; p < 0.01) supports the assertions of Ban-
dura ® that the actual performance of a skill (walk-
ing, being physically active) is partially d&p&ndent o
the perceived ability of the individual to undertake
and persist in the achievement of that skill, This
finding supports the use of self-efficacy medeling in
interventions to promote walking and related tasks.
Vector magnitude, the formula-free index of move-
ment independent of energy expenditure, was not
correlated with activity recall (MARQ), which mea-
sured activity undertaken over the same 3-day period
as accelerometer activity measurement (r = 0.14;
p = NS). One possible reason for this lack of aszoci-
ation between the self-report and direct measure-
ment of activity is that the accelerometer more
precisely quantitates the many small, unnaoticed, and
undocumented movements such as short walks and
the like, undertaken and unnoticed in the course of
the day. Failure to faithfully represent thess numer-
ous periods of low-level activity probably contributes
to the weaker asociation bebween activity self-report
and seocelerometer activity measurement. The MARD
was very difficult for this group to complete because of
the memory-dependent nature of the task of recalling

Table 4 —Accelerometer Vector Analyses: Corvelations During Third Gmin Walk (n  33)
Viriablex VML

. Anternpeaterios [X) Vertical (T) Mediolater] (Z)
Anteroposberiar (X .53 —_ :
Veatical (Y) By 0.5 —
Musdiclateral [Z) LG 0.76* auT* —_
Walk distance (feet] :85= 0,7 0.8a5% 056
"'!J < 0K, . . - a
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specifie low-level activities and their duration, which
may alen contribute to error varance in the instru-
ment. Modest correlations between accelerometer
activity and memory-dependent questionnaires have
been observed by other investigators, in even
vounger subjects.? It has been suggested that the
failure of these methods to correlate well should be
attributed to the inherent difficulties with the recall
questionnaires thermselves, mther than measurement
flaws in the accelerometer, !

Although it was expected that this sedentary group
would manifest a low level of daily activity, it was
surprising that the measure of movement in VMU
was even lower than that of moderately-active nurs-
ing home residents studied by Kochersberger et al, #
who had a mean of 466 VMU/min (8D = 15),
compared to our study group, who had a mean of 42
VM Umin (5D * 26). Compared to functionally in-
capacitated M3 outpatients studied by Ng and Kent-
Braun,' the COPD group were only shout half as
physically active (60 * l'EFPH'Mde [SD, 37 x 107,
compared to the MS group (approximately 110 x 10°
VMUAM [SD, 30 % 107]). Our findings support the
ohservations of thess investigators, that the accelerom-
eter studied here is sensitive to low levels of physical
activity and therefore appropriate for use with seden-
tary populations.

General limitations of this study include the use of
a study group composed primarily of men, although
gender has not been identified as a factor contribut-
i;ltf; to accelerometer measurement xmrig;bilit:,.- in

o accelerameter research, With e to accel-
erometers, & number of limitations should be con-
sidered with respect to the measurement of free-
living activity, First, these devices are likely to poorly
represent energy expenditure from moving up in-
elines {such as walking hills or stairs) and exercise
{such as weight-lifting or stationary cycling) that does
not involve total body movement. The present study
suggests, however, that walking, the most prevalent
ex¢rcise suggested by health-care providers and un-
dertaken by clinical groups is represented well. Lack
of compliance with wearing accelerometers has been
identified as a limitation in other work using this
technology® In the present study, care was taken to
compare subjects’ self-report of awakening and re-
tiring for sleep with the accelerometer data; with few
exceptions, acoelerometer data coincided closely,
Nonetheless, two subjects forgot to wear their I:N:x.‘t_‘j’-
erometer, and others who were ill and insctive on
one or more days of the study wore their accelerom-
eters < 10 h. Another limitation regarding acceler-
ometer methodology is the pﬂtﬂ:aﬁﬂmr contribu-
tion of vibration and movement from riding in cars
and other vehicles. Bouten et al® who compared
daily physical activity measured by a similar triaxial
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accelerometer (Tracmor; sampling range, 0.3 to 20
Hz} to doubly labeled water methodology, found that
vibrations introduced from rjde:lg in vehicles (buses,
motorbikes, ete.) pm:luced higi'- values for move-
ment that were not seen during voluntary human
movernent, To compensate, they excluded data over
a certain maximum to correct for these findings. The
Tracmor device, with its wider sampling range (0.3 to
20 Hz) may be more sensitive to higher-frequency
vibrations, compared to the Tritrac RK3D, which
rneasures across a more limited frequency range (0.1
to 16 Hz). Nonetheless, in the present study, there
was still a significant correlation between the vector
magnitude over 4 days and the total driving time
spent in an automobile (r = 0.66; p < 0.001). This
inding may be attributable to the probability that
physically active people are more likely to drive
vehicles and use motorized transportation in general.
This issue deserves further study. In addition, signal
error may result from bumping or dropping the
instrument. Subjects in the present study were in-
structed not to unnecessarily handle the deviees
while wearing them, or to take them from the
protective pouch, Bumping or dropping the devices
would probably occur randomly in all subjects and
therefore not be a source of systematic error. An-
other major disadvantage of the Tritrac accelerome-
ter is that it is about five times as expensive as the
Caltrae and other unidirectional accelerometers.
One might ask what measurement advantage a tri-
axial accelerometer provides compared to a unidirec-
tonal accelerometer? In the present study, it was
apparent that the y vector, which is erlented to
measure vertical movement, was virtually identical to
the integrated measure, vector magnitude (VMU)
with correlations with distance walked during the
final B-min walk (r = 0.88; p < 0.001). A study of
accelerometer activity in ohese children by Coleman
and colleagues,’® using an earlier vemion of the
Tritrac accelerometer, found that the anteroposte-
rior veetor was highly correlated with vector magni-
tude (r = 098; p < 0001} and accounted for the
same amount of vadance (34% and 36%,

tively) in unadjusted heart rates, These findings
prohably reflect major differences in activity pattem-
ing between these two diverse groups, and suggest
that in the COPD group, a single, vertical acceler-
ometer might be just as useful as the Tritrac aceel-
erometer for walking activity. This question deserves
further study.

This preliminary study suggests that the triaxial
accelerometer is a valid measure of the fundamen-
tal human activity of walking and, similar to the
G-min walk, provides a previously unappreciated
view of everyday functional performance. It also
suggests that the device has good concurrent
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v:l]idil:r', based on its fairly robust assoclations with
exercise capacity and level of obstructive [mlmn:r-
11-'.-|ri| disease and its moderate associations with

lking self-efficacy and dyspnea, and is far supe-
rior to currently used self-report methods relying
on memory. This methodology is potentially useful
in risk modification, by identifying individuals and
groups whose sedentary lifestyles pose a risk to
their health, and as an outcome measure in inter-
vention trials to improve mobility and funetion in
persons with eardiopulmonary illness, newromus-
cular impairments, and the frail elderly. It repre-
sents a novel strategy to measure an important
dimension of functional status and quality of life
nat previously well-quantified.
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